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(54) COOLED MOVING BLADE FOR GAS TURBINES 



(57) With a gas turbine systems, there is an increas- 
ing trend to use a high temperature combustion gas to 
enhance the operating efficiency of the gas turbine. 
This, however, is accompanied by the generation of 
cracks at an increased frequency in a base portion of 
the blade where thermal stress of large magnitude is 
likely to occur. An object of the invention is to provide a 
cooled moving blade for a gas turbine which has a blade 
profile capable of more effectively reducing thermal 
stress in a blade base portion, and thus, prevent cracks 
from occurring. 

A moving blade (1) is fixedly secured to a platform 
(2). On the other hand, a cooling air passage (3) is 
formed in a serpentine pattern inside of the blade for 
cooling with cooling air. The moving blade (1) has a 
base portion of a profile formed by an elliptically curved 
surface (11) and a rectilinear surface portion (12), 
wherein the rectilinear surface portion (12) is provided 
at a hub portion of the blade where thermal stress is 
large. In the conventional moving Wade, the base por- 
tion is formed as an elliptic fillet R presenting a arcuate 
profile protruding convexly inward. The cross-sectional 
area of the blade is increased by providing the rectilin- 
ear surface portion (12). The heat capacity is increased 
compared with the conventional blade, due to the 
increased cross-sectional area of the blade. This in turn 



results in a decrease of the temperature difference due 
to the thermal stress. Thus, the thermal stress can be 
suppressed more effectively than with the conventional 
blade. 

FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Technical Held of the Invention 5 

[0001 ] The present invention relates to a cooled mov- 
ing blade for a gas turbine, and more particularly to a 
cooled moving blade formed in such a geometrical con- 
figuration that thermal stress induced between a base w 
portion of the blade and a platform can be reduced. 

Description of the Related Art 

[0002] Figure 5 is a perspective view showing a con- is 
ventional cooled moving blade for a gas turbine. Refer- 
ring to the figure, a moving blade 1 is mounted on a 
platform 2 disposed around a rotor (not shown), wherein 
a cooling air passage 3 is formed inside of the moving 
blade 1 between a leading edge thereof and a trailing 20 
edge in a serpentine pattern that sequentially extends 
upward and downward in a repetitious and continuous 
manner. The cooling air is introduced into the cooling air 
passage 3 from a port located on the inner side of the 
leading edge of the moving blade 1 by way of a blade 25 
root (not shown) portion and is discharged from holes 
formed in the trailing edge portion of the blade after hav- 
ing blown through the cooling air passage 3. In the fig- 
ure, reference numeral 4 denotes a curved surface 
forming a blade surface of the moving blade 1 and 30 
numeral 5 designates a fillet ellipse portion R formed in 
the blade base portion, which will be described below. 
[0003] -Figure 6 is a schematic diagram showing the 
portion B shown in Fig. 5 in detail, and more specifically 
it shows a Wade profile of the base portion of the moving 35 
blade 1. The base portion of the moving Wade 1 is 
shaped in a curved surface conforming to an ellipse 6. 
wherein the fillet ellipse portion R 5 is formed so as to 
extend continuously with a curved surface of the top 
portion of the moving Wade. The elliptical portion men- 40 
tioned above is formed over the entire circumference of 
the base portion of the moving Wade 1, and the base 
portion thus has a form that is capable of reducing ther- 
mal stress which is caused by high-temperature com- 
bustion gas. 45 
[0004] Here, it should be mentioned that thermal 
stress of an especially large magnitude occurs between 
the base portion and the platform 2. The reason for this 
can be explained by the fact that since the moving Wade 
1 has a smaller heat capacity than the platform 2, the so 
temperature of the moving blade 1 increases at a higher 
rate and within a shorter time period than that of the 
platform 2 upon start of the gas turWne. On the other 
hand, the temperature of the moving Wade 1 falls at a 
higher rate and within a shorter time than that of the 55 
platform 2, whereby a large temperature difference 
occurs between the moving blade 1 and the platform 2. 
This in turn generates thermal stress. Consequently, the 



base portion is shaped in the form of a curved surface 
conforming to the fillet ellipse R to thereby reduce the 
thermal stress. 

[0005] Recently, however, there is an increasing ten- 
dency to use a high temperature combustion gas to 
enhance the operating efficiency of the gas turbine. As 
a result, it becomes impossiWe to sufficiently suppress 
the thermal stress with only the base portion structure 
shaped in the form of the above mentioned fillet ellipse 
portion R. and cracks develop more frequently in the 
base portion where large thermal stress is induced. 
Under these circumstances* there, is a demand foe a 
structure of the Wade base portion that is capaWe of 
reducing the thermal stress more effectively. 

OBJECT OF THE INVENTION 

[0006] In light of the state of the art described above, 
it is an object of the present invention to provide a 
cooled moving blade for a gas turbine which has a Wade 
shape capable of reducing thermal stress more effec- 
tively than a conventional moving Wade by adopting a 
partially improved shape of the fillet ellipse portion R 
which is formed between a base portion of the moving 
Wade and a platform: 

SUMMARY OF THE INVFNTION 

[0007] To achieve the object mentioned above, the 
present invention proposes the following means. 

(1) A cooled moving Wade for a gas turbine accord- 
ing to the present invention is mounted on a plat- 
form disposed circumferentially around a rotor and 
has an internal cooling air passage, wherein the 
cooled moving blade for the gas turbine has a Wade 
profile which is constituted by a blade surface with 
an elliptical profile formed around a base portion of 
the moving blade which is in contact with the plat- 
form, a rectilinear blade surface portion formed in 
continuation with the elliptical blade surface over a 
predetermined length, and a curvilinear shaped 
blade surface extending continuously from the rec- 
tilinear blade surface portion to an end of the Wade 
with a predetermined curvature. 

The peripheral surface of the base portion of 
the moving Wade which is in contact with the plat- 
form is formed as a curved surface conforming to 
an elliptic curve and the blade surface having a rec- 
tilinear surface portion is formed so as to extend 
continuously from the curved surface. Thus, the 
blade surface which is shaped in the form of a 
curved surface in the conventional moving blade is 
replaced by the rectilinear surface portion. In other 
words, the arcuate profile portion protruding con- 
vexly inward in a conventional moving blade is 
shaped in the rectilinear form. Consequently, the 
cross section of the blade is correspondingly 
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enlarged outward with the cross-sectional area of 
the blade having the rectilinear surface portion 
being increased when compared with that of the 
conventional blade. As a result, the blade according 
to the present invention has a greater heat capacity 5 
than that of the conventional type blade, whereby 
temperature difference relative to the platform 
decreases in proportion to the increase of the heat 
capacity of the blade. Thus, the thermal stress due 
to the temperature difference between the blade 10 
and the platform is decreased when compared with 
the conventional blade.. Moreover, since the crossr 
sectional area of the blade increases, the thermal 
stress decreases and it is possible to reduce the 
frequency at which cracks occur. Additionally, the /5 
length of the rectilinear surface portion should pref- 
erably be selected so as to cover a hub portion 
where thermal stress tends to be large, thereby 
ensuring a more advantageous effect. 

(2) In the cooled moving blade for the gas turbine 20 
according to the present invention, cooling air holes 
communicated with the cooling air passage of the 
moving blade are additionally formed inside the 
platform. More specifically, the cooling air holes 
should preferably be formed at both sides of the 2s 
platform so as to extend from a leading edge side of 

the moving blade to a trailing edge side thereof, 
while being communicated with the cooling air pas- 
sage on the leading edge side of the moving blade. 

A portion of the cooling air flowing through the 30 
cooling air passage formed inside the moving blade 
is introduced into the cooling air holes formed in the 
platform, and the cooling air is discharged into a 
combustion gas passage from an end portion of the 
platform after cooling the platform. Thus, in addition 35 
to the effect provided by the inventive structure (1) 
described above, the cooling effect is increased 
because the platform is also cooled, whereby 
cracks can be prevented from developing. 

(3) Additionally, in the cooled moving blade for the 40 
gas turbine according to the present invention, the 
blade surface of the moving blade and the surface 

of the platform are coated with a heat-resisting 
material. 

45 

[0008] By coating the surface of the moving blade and 
that of the platform with a heat-resisting material, e.g., 
ceramics and the like, the moving blade and the plat- 
form can be protected against the effect of the heat of 
the high-temperature combustion gas. Thus, the ther- so 
mal stress due to the heat of the high-temperature com- 
bustion gas can be reduced, whereby the effects 
provided by the inventive structures (1) and (2) men- 
tioned above can be further enhanced. 



BRIEF DESCRIPTION OF THF DRAWINGS 
[0009] 

Figure 1 is a perspective view showing a cooled 
moving blade for a gas turbine according to a first 
exemplary embodiment of the present invention. 
Figure 2 is a schematic diagram showing details of 
a portion A shown in Fig. 1 in detail to illustrate a 
profile of a base portion of the Wade. 
Figure 3 is a view showing a profile of a cooled 
moving, blade fofc a ga&tuitoine accordmgtothe^irst 
exemplary embodiment of the present invention. 
Figure 4 is a perspective view showing a cooled 
moving blade for a gas turbine according to a sec- 
ond exemplary embodiment of the present inven- 
tion. 

Figure 5 is a perspective view showing a conven- 
tional cooled moving Wade for a gas turbine. 
Figure 6 is a schematic diagram showing a portion 
B shown in Fig. 5 in detail to illustrate a profile of a 
base portion of the Wade. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] The present invention will be described in detail 
in conjunction with what are presently considered pre- 
ferred or typical embodiments thereof with reference to 
the appended drawings. 

[0011 J In the following description, like reference 
numerals designate like or corresponding parts 
throughout the drawings. Also in the following descrip- 
tion, it is to be understood that terms such as "right", 
"left", "top", "bottom" and the like are words of conven- 
ience and are not to be construed as limiting terms. 

Embodiment 1 

[0012] Figure 1 is a perspective view showing a 
cooled moving blade for a gas turbine according to a 
first exemplary embodiment of the present invention, 
and Fig. 2 is a diagram showing a portion A shown in 
Fig. 1 in detail to illustrate a profile of a base portion of 
the blade. 

[0013] Referring to Fig. 1, a moving Wade 1 is 
mounted on a platform 2 which is disposed around a 
rotor (not shown), wherein a cooling air passage 3 is 
formed inside the moving blade 1 between a leading 
edge thereof and a trailing edge in a serpentine pattern 
that sequentially extends upward and downward in a 
repetitious and continuous manner. Reference numeral 
4 denotes a curved surface constituting a portion of the 
Wade surface of the moving Wade 1 . The Wade surface 
and the platform 2 are coated with a heat-resisting 
material such as ceramics and the like through a TBC 
(Thermal Barrier Coating) process. Further, reference 
numeral 11 designates an elliptically curved surface of 
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the base portion of the blade, and numeral 12 desig- 
nates a rectilinear surface portion of the blade. 
[0014] Figure 2 shows a profile of the blade base por- 
tion. Referring to the figure, a region of the blade base 
portion which lies adjacent to the platform 2 in contact 
therewith is imparted with the elliptically curved surface 
1 1 conforming to an ellipse 6, and a rectilinear surface 
portion 12 is formed so as to continually extend from the 
elliptically curved surface 1 1 . In the conventional mov- 
ing blade, the portion corresponding to the rectilinear 
surface portion 12 in the moving blade according to the 
present invention is curvilinear. Further, it should be. 
noted that the rectilinear surface portion 12 is provided 
in a hub region of the base portion in which the thermal 
stress of large magnitude tends to be induced. 
[001 5] Figure 3 shows a profile of the base portion of 
the cooled blade according to the first exemplary 
embodiment of the present invention. As can be seen in 
the figure, the base portion where the moving Wade 1 is 
fixedly secured to the platform 2 is formed with ellipti- 
cally curved surfaces 11. wherein the hub portions 
extending upward in continuation with the curved sur- 
face portions are formed as the rectilinear surface por- 
tions 12, respectively. Consequently, compared to the 
blade surface 12' of the conventional moving blade as 
indicated by dotted lines, a dimensional difference £ 
occurs in the blade thickness. By forming the moving 
blade in the profile provided with the rectilinear surface 
portions 12 as in the instant exemplary ernbocfiment, 
the cross sectional area of the blade increases in pro- 
portion to the dimension & which correspondingly con- 
tributes to increasing the heat capacity of the moving 
Wade 1. Thus, compared with the conventional moving 
Wade, the temperature difference occurring between 
the moving Wade 1 and the platform 2 becomes smaller 
corresponding to the decreased difference in the heat 
capacity between the moving Wade 1 and the platform 
2. Moreover, compared with the conventional moving 
Wade, heat and stress can be suppressed more effec- 
tively owing to the increased cross sectional area of the 
moving Wade. 

Embodiment 2 

[0016] Figure 4 is a perspective view showing a 
cooled moving Wade for a gas turWne according to a 
second exemplary embodiment of the present inven- 
tion. Referring to the figure, the cooled moving Wade for 
the gas turbine according to the instant exemplary 
embodiment differs from that of the first exemplary 
embodiment in that cooling air holes 21 and 22 commu- 
nicated with the cooling air passage 3 at the leading 
edge portion of the moving Wade 1 are formed in the 
platform 2 at both skies of the blade, respectively. 
Except for this structure difference, the structure of the 
cooled moving Wade according to the second exem- 
plary embodiment is essentially the same as that of the 
first exemplary embodiment. The cooling air holes 21 



and 22 extract portions of the cooling air from the cool- 
ing air passage 3 to thereby flow this cooling air through 
interior lateral portions of the platform 2. and then dis- 
charge the cooling air from the blade trailing edge. 

5 whereby the platform 2 is cooled. Owing to the above 
arrangement for cooling the platform 2,the effect of the 
heat of the high-temperature gas can be suppressed, 
and the thermal stress can be further reduced in combi- 
nation with the effect provided by the rectilinear surface 

10 portions 12 formed in the hub portion of the moving 
blade 1 . Hence, cracks are prevented from developing. 
[0017] As can be seen from the foregoing description* 
according to the teachings of the present invention 
incarnated in the first and second exemplary embodi- 

15 ments, since the rectilinear surface portions 12 are pro- 
vided at the hub portion of the moving blade 1 and/or 
the cooling air holes 21 and 22 are provided in juxtapo- 
sition in the platform 2 of the moving blade 1 shaped as 
mentioned above, the thermal stress occurring at the 

20 blade base portion due to the high-temperature gas is 
decreased, whereby the generation of cracks is pre- 
vented. Moreover, since the rectilinear surface portions 
are provided in the hub portion of the moving Wade, the 
cooling air holes 21 and 22 are provided in the platform 

25 2 and the thermal barrier coating is applied, the Wade 
base portion can be sufficiently protected against the 
effect of the heat of the high-temperature combustion 
gas. whereby the thermal stress can be further lowered. 
[0018] In the foregoing, the embodiments of the 

30 present invention which are considered preferaWe at 
present and other alternative embodiments have been 
described in detail by reference with the drawings. It 
should, however, be noted that the present invention is 
never restricted to these embodiments but other various 

35 applications and modifications of the coded moving 
Wade for the gas turbine can be easily conceived and 
realized by those skilled in the art without departing 
from the spirit and scope of the present invention. 

40 Claims 

1. A cooled moving Wade for a gas turbine mounted 
on a platform disposed circumferentially around a 
rotor and having an internal cooling air passage, 
45 wherein said cooled moving blade for a gas 

turbine has a blade profile constituted by 

a blade surface with an elliptical profile formed 
around a base portion of said moving blade in 

so contact with said platform; 

a rectilinear Wade surface portion formed in 
continuation with said elliptical blade surface 
over a predetermined length; and 
a curvilinear shaped blade surface extending 

55 continuously from said rectilinear blade surface 

portion to an end of said blade with a predeter- 
mined curvature. 
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2. A cooled moving blade for a gas turbine as set forth 
in claim 1 , wherein cooling air holes communicated 
with said cooling air passage of said moving blade 
are formed inside of said platform. 

5 

3. A cooled moving blade for a gas turbine as set forth 
in claim 2, wherein said cooling air holes are formed 
at both sides of said platform so as to extend from a 
leading edge side of said moving blade to a trailing 
edge side thereof, and wherein said cooling air w 
holes are communicated with said cooling air pas- 
saga on, said* leading edge side of said, moving, 
blade. 

4. A cooled moving blade for a gas turbine as set forth is 
in claim 1 , wherein said blade surface of said mov- 
ing blade and surface of said platform are coated 
with a heat-resisting material. 

20 
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